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Transmission
The first isolation of ZIKV from mosquito samples was made in 1948 from Aedes africanus in the Zika forest [25] . In 1956, 2 other strains were isolated from the same mosquito species [26] , but these and many other following investigators neglected other mosquito species [27] [28] [29] .
Aedes aegypti was considered the sole vector for the outbreaks prior to 2007, when Ae. albopictus was added [11] . Other Ae. species (Ae. polynesiensis, Ae. hensellii, Ae. dalzieli, etc.) have been reported as competent vectors of ZIKV, which might explain the possible recombination events and extensive variation of the viral envelope protein that occurred in the virus as a result of the adaptive response to the different hosts [4, 14] .
Diallo and colleagues [30] surveyed mosquitoes from different environments from Senegal and detected by RT-PCR the presence of ZIKV in ten species from the genus Aedes, and Mansonia uniformis, Anopheles coustani, and Culex perfuscus. These mosquito species probably contribute to the zoonotic cycle of ZIKV transmission. Unfortunately, variety of species and rapidly increasing presence of these vectors worldwide could fuel the current epidemic in urban areas [10, 31] (Figure 1 ). However, the simple detection of a virus in a mosquito sample does not incriminate it as a vector [32] .
In addition to transmission with blood-sucking insects of the Aedes species, numerous reports indicate perinatal [33, 34] , sexual [12, 19, [35] [36] [37] , and transfusion transmission [38] . Brazilian officers recently confirmed 2 cases of transfusion-transmitted ZIKV: the first recipient remained asymptomatic, while the second one died from other cause [39] . Infectious ZIKV particles have been reported in breastmilk, but evidences of transmission via breastfeeding remain poor [40] . Evidences of perinatal transmission are discussed in the following paragraph.
Clinical manifestations
The incubation period of flaviviruses, such as WNV and DENV, ranges from 3 to 14 days [41] . Similarly to other arbovirus infections, ZIKV infection is largely (80%) asymptomatic. When symptomatic, it is characterised by mild fever, arthralgia (small joints of hands and feet), myalgia, headache, asthenia, abdominal pain, oedema, lymphadenopathy, retro-orbital pain, conjunctivitis, and cutaneous maculopapular rash. This clinical picture can be misdiagnosed during the acute and viraemic phase because of non-specific influenza-like signs and symptoms. Moderate thrombocytopenia is not uncommon, with several cases developing profound thrombocytopenia and subcutaneous bleedings [42] .
As with other arboviruses, neurological complications -including self-limiting meningoencephalitis In November, the Brazilian Ministry of Health released a report declaring a dramatic rise in the number of severe, isolated neonatal microcephaly cases [46] [47] [48] . The incidence varied from 2% to 8% according to the utilized classification criteria, with a seasonality reflecting that of Ae. aegypti [49] . The long-term consequences of abnormal brain development depend on underlying brain anomalies and can range from mild developmental delays to cerebral palsy. The association between maternal infections and congenital anomalies has long been recognized, especially when infection occurs during the first 12 weeks of pregnancy [50] . CDC scientists found ZIKV genome from brains of 2 miscarried fetuses and from 2 infants diagnosed with microcephaly who died shortly after birth : all 4 Brazilian mothers reported having ZIKV-like disease during their pregnancies [51] . Similarly, Mlakar et [65] . Nested PCR targeting ZIKV partial envelope and NS3 gene sequences has also been developed [66] . The variations in detection sensitivity encountered using different sets of primers may exist and may at least in part reflect the genetic diversity of the virus.
ZIKV RNA is present at high titer in the blood [67] only during the first 3-5 days after the onset of symptoms, while it is detected in urine for > 10 days in urine [68] and in semen for several weeks [12, 19, 35, 36, 69] . Although frequency is not known, at least one report suggests that the virus persists in semen for more than 2 months [36] and that, for unknown reasons, viral load in the semen can be roughly 100,000 times that of blood or urine [69] . ZIKV in such samples is viable and isolates have sometimes been achieved in cell culture [18] . Nasopharyngeal swabs have also tested positive by RT-PCR [18] .
What clinicians and epidemiologists need is to determine whether a baby was exposed to ZIKV in utero months earlier. Currently available IgM ELISAs suffer from cross-reaction with other flaviviruses, so that positive results should be confirmed by neutralisation assay (i.e. PRNT) to document at least a 4-fold increase in ZIKV neutralising antibody titres [68] . At least 18 companies are working on laboratory tests for ZIKV : 10 are in Europe and the rest in Australia, Brazil, China, India, Israel, Japan, South Korea, and the USA [70] . Table 1 summarizes some of commercially available reagents for laboratory diagnosis of ZIKV infection, while Table 2 summarizes information regarding permissive cell lines.
Prevention
Fourteen vaccine developers (7 headquartered in the USA, 3 in France, 2 in Brazil, 1 in India, and 1 in Austria) are currently working on 23 projects of vaccine development [70] , but timeline before clinical deployment can't be predicted.
As for DENV or CHKV, which are transmitted in the same fashion and there are no licensed vaccines, people in ZIKV-affected areas should protect themselves from mosquito bites by using air conditioning, screens, or nets when indoors, wearing long sleeves and pants, using permethrin-treated clothing and gear, and using insect repellents when outdoors. [71] . The insecticide-treated bednets (ITN) used to protect people against the night-biting Anopheles mosquitoes are poorly effective against the day-biting Aedes mosquitoes.
Although pregnant and lactating women can use all registered insect repellents according to the product label, the US CDC and many national health ministries have recommended expectant mothers not to visit countries where ZIKV has become endemic. In mid-January, 2016, health ministers from different Latin American countries made public recommendations to women and couples to postpone pregnancy for 6 months to 2 years in the face of the ZIKV outbreak. These recommendations are very difficult to implement since up to 56% of pregnancies in the region are unintended [72] . In addition to poor quality of sex albopictus often breeds in less accessible areas such as the water-filled leaf axils of plants. Furthermore, when populations of Ae. aegypti are reduced, the opportunistic invasive Ae. albopictus may rapidly move into an area [75] . The high pyrethroid resistance rates [76] Ae. aegypti populations through a reproductive phenotype known as "cytoplasmic incompatibility". When uninfected female mates with a Wolbachia-infected male, females will have eggs but won't hatch due to cytoplasmic incompatibility. By contrast, Wolbachia-infected females can produce viable progeny when they mate with both infected and uninfected males (resulting in a reproductive advantage over uninfected females), and all the offspring will carry Wolbachia [80] . Open-field tests have been run in Australia [81] and releases are ongoing in DENV-endemic countries such as Indonesia, Vietnam, and Brazil. Mathematical models predict that one strain of Wolbachia (wMel) would reduce the basic reproduction number, R 0 , of DENV transmission by 70% [82] .
Despite that fauna and food chain alterations carry potential risks and raise ethical concerns, these means are likely preferable than use of old insecticides (such as p-dichlorodiphenyltrichloroethane, DDT) known as teratogenic [83] and carcinogenic (e.g. malathion is classified as probably carcinogenic to humans for WNV NAT [87] , blood donor samples are tested in minipools using a modified RT-PCR and in order to prevent virus transmission through blood transfusion without discontinuing blood donations.
To increase sensitivity of detection and reduce the occurrence of false-negative results, sera from no more than three blood donors were included in each minipool. This approach suffers from a very low specificity, so that it is common for positive minipool to include donors who test negative individually. During the outbreak in French Polynesia, a serosurvey estimated that 38% of inhabitants had been infected : RT-PCR detected ZIKV in 3% of 1,505 asymptomatic blood donors [38] . Should autochthonous transmission of ZIKV occur in countries able to supply blood components to the affected areas, this would probably lead to suspension of blood collection and self-sufficiency measures similar to those adopted in the past to deal with a CHKV outbreak in Italy (2007) [88] and in Réunion Island (2005-07) [89] . Pathogen inactivation (PI) of platelet and plasma units is a sound alternative for such countries. However, PI increases the cost of the blood component, which is a significant obstacle in the current ZIKV affected countries [90] , and to date there is no licensed pathogen inactivation technology for red cells or whole blood. Aubry et al.
spiked fresh-frozen plasma units with ZIKV and measured viral titers and RNA loads before and after amotosalen and UVA photochemical treatment (Intercept ® , Cerus). Inactivation led to a mean reduction of 1 log of RNA loads (from 10.25 log down to 9.51 log copies/ml): this apparent poor efficacy results from PCR detection of noninfectious ZIKV genome fragments generated by inactivation. Accordingly, and most importantly, cell cultures inoculated with inactivated plasma neither resulted in infected cells nor produced any replicative virus (> 6 logs drop) after one passage and detectable viral RNA from the second passage [91] . Unfortunately there are no data yet regarding A c c e p t e d M a n u s c r i p t 9 the efficacy of riboflavin and UVB (Mirasol ® , TerumoBCT) against ZIKV, although such combination has proved effective against a wide range of arboviruses [92] .
The abovementioned approaches should also apply to organ and tissue donations, with a special attention on gamete donation because of the aforementioned presence of ZIKV in semen [12, 19, 35, 36, 69] (and potentially in a woman's follicular fluid).
Tourism and trade have accelerated worldwide dissemination of mosquitoes, whose residency has been facilitated by global warming in previously noncompetent areas [93] . As for many other arboviruses, ZIKV has been shown to cause significant hazard to human health. Most importantly ZIKV affects reproductive health, with severe long-term sequelae for survivors that imply high costs for national health systems.
In conclusion, before an effective vector elimination method will be set in place, it is imperative to develop effective prophylactic measures and reliable diagnostic procedures to ensure safety of blood components, especially to pregnant recipients and immunocompromised patients.
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